ABSTRACT This study assessed the inßuence of microenvironment on the establishment and relative reproductive success of the gall-forming midge Rhopalomyia californica Felt on its host plant Baccharis pilularis De Candolle in Marin County, CA. Mesh cages were used to alter the microenvironment, which also allowed us to assess the validity of using these types of experimental manipulations in this system. Temperature, light intensity, wind speed, and stem growth were compared in caged and uncaged B. pilularis plots in two sites during three seasons. Cage presence signiÞcantly altered the microenvironment of R. californica but did not affect development. R. californica establishment was greater when growing on host plants with increased stem growth. Season had the largest impact on gall establishment and reproductive success, with the highest establishment and success rates in late winter to early spring, which correlated with the growing period of B. pilularis. These results suggest that the seasonality of R. californica reproductive success is linked to the phenology of its host plant. When the growing conditions for the plant are less than ideal, R. californica performance is stimulated by increased stem growth. Cage presence was not a signiÞcant driver of population dynamics because it did not change the environment in an ecologically meaningful way. We therefore assert that the use of cages for experimental manipulations in this study system does not alter R. californica performance.
Herbivore reproductive success depends ultimately on the environment. Since Darwin, ecologists have recognized that the environment plays an important role in the population dynamics of a species. Climatic factors such as temperature, humidity, daylength, photoperiod, and rainfall alter the phenology (Stedinger et al. 1985) and abundance of insects (Wolda 1988) . Although recent technology has increased ecological focus on landscape scale interactions, the importance of microenvironment, or the immediate environment surrounding each individual, in shaping population dynamics (Hopper 1984 , Drake 1994 , Crafts-Brandner and Chu 1999 is frequently ignored when studying interactions between species. Nonetheless, environmental factors can alter the outcomes of almost all interspeciÞc interactions by changing the acquisition of resources, movement, and survival.
Microclimatic impacts are compounded for herbivores because the abiotic conditions not only affect the herbivores directly but also indirectly through their host plants. Light, temperature, soil nutrients, and atmospheric CO 2 can modify plant chemistry with consequences for both plant nutritional suitability for herbivores and plant defenses against them (Herms and Mattson 1992, Ayres and Lombardero 2000) . Herbivores prefer plant modules with increased nutrition and reduced defensive compounds, and those individuals that choose the most vigorous, nutrient-rich host plants will beneÞt with increased reproductive success (Plant Vigor Hypothesis, Price 1991) .
The compounding effects of microclimatic ßuxes for herbivores are probably particularly strong for insect gallers, which are both sessile and dependent on their host plant throughout most of their lives. Previous research has found that host plant phenology and climate can alter reproductive success rate and population dynamics of insect gallers (Goolsby et al. 2000 , Ivashov et al. 2000 , Kurota and Shimada 2002 . For example, establishment of gall midges (Rhopalomyia californica) in Australia is dependent on season, climate, and the conditions of the plant (Palmer et al. 1993) . Air temperature and the age of the plant on which a gall midge develops may inßuence the population abundance of the herbivore and the rate of parasitoid attack (Hopper 1984) . Research on galling insects has been important to the development of basic predatorÐprey theory (Price 1991 ) and more applied biocontrol theory (Hopper 1984 , Ehler and Kinsey 1993 , Goolsby et al. 2000 . Understanding how microenvironment alters the survival and reproduction of galling insects is essential for interpreting these theories, particularly in the application of biological control.
Furthermore, it is essential that we understand how the population dynamics of gallers are modiÞed by their microenvironment because of the frequency with which researchers alter the microenvironment of their study subjects. Local environments are frequently modiÞed with cages, barriers, or mesh sleeves to assess dispersal, predator attack, or the effects of competition between predators or parasitoids (Reeve 1990 , Drake 1994 , Lawson et al. 1994 , Crafts-Brandner and Chu 1999 . Although Þeld manipulations such as these allow testing of isolated variables in a relatively unperturbed system and are essential to the discipline of ecology, they transform the microenvironments of the study systems with potential consequences for individuals and populations. Such confounding effects of experimental manipulations may alter the biology or natural interactions of the organisms and could lead to misinterpretations of experimental outcomes and misapplications of biological control.
This paper uses the well-studied gall-forming midge, R. californica Felt (Diptera: Cecidomyiidae), on its host plant, Baccharis pilularis De Candolle (Asteraceae), to examine how differences in microenvironment, particularly those caused by common experimental manipulations, can alter population dynamics. Because the development of R. californica is dependent on its host plant, we deÞne the microenvironment of R. californica to include the abiotic conditions and the condition of the plant on which it is developing. Various studies have examined the population dynamics of R. californica and its suite of natural enemies (Doutt 1961 , Briggs and Latto 1996 , Miller and Weis 1999 , but much of this research has focused on the relationships of hymenopteran parasitoids with the gall midge. To date there is a paucity of information about the effects of the host plant or environmental conditions on R. californica or its parasitoids (but see Palmer et al. 1993; Miller and Weis 1999) . Furthermore, populations of R. californica and its natural enemies are often constrained by mesh cages to limit dispersal, examine natural rates of parasitism, or observe competition between parasitoid species (Force 1970 , 1974 , Latto and Briggs 1995 , Briggs and Latto 1996 , 2001 .
To assess the relative importance of environmental factors and external manipulations on midge dynamics, we examined the rate of establishment and reproductive success of R. californica in caged and uncaged conditions in nine blocks across two coastal sites in three seasons. Because canopy cover affects temperature and relative humidity and plant quality through competition (Harper 1977, Schmid and Bazzaz 1994) or mutualism (Rudgers and Maron 2003) , we included midges on single plants and those in large stands of B. pilularis. To assess the effect of caging systems, we crossed plot size with the presence or absence of mesh cages used in dispersal experiments in the same system. We measured environmental abiotic factors and plant growth in each plot weekly.
Materials and Methods
Natural History. The cecidomyid midge, R. californica, develops only on the perennial dioecious evergreen shrub, B. pilularis, a California native. The phenology of the system has been studied extensively (Force 1974 , Ehler 1987 , Ehler and Kinsey 1991 , Briggs and Latto 2001 . The midge is multivoltine (Hopper 1984) , and development time and reproductive success can vary seasonally, although the adult midge stage rarely lasts Ͼ24 h (Force 1974, Briggs and Latto 1996) . Adult female midges deposit clusters of eggs on terminal buds of B. pilularis stems (Briggs and Latto 1996) . The eggs generally hatch in 3Ð 4 d (Ehler and Kinsey 1993) , after which the larvae crawl into the bud scales and stimulate the plant to form a gall. Single galls may contain from 1 to Ͼ100 larvae, each developing in its own chamber. Depending on the growing conditions, the midge life cycle may be complete in as few as 30 d (Hopper 1984) but may also stretch to Ͼ110 d (Latto and Briggs 1995) .
Field Sites and Experimental Design. We implemented this study at two preserves run by Audubon Canyon Ranch in Marin County, CA: Bolinas Lagoon Preserve (BLP) and Cypress Grove Preserve (CGP). Both sites are coastal scrub communities dominated by B. pilularis, but their environmental conditions are distinct. BLP is located just east of Bolinas Lagoon (37Њ56Ј N; 122Њ41Ј W) on a series of west facing ridges above the lagoon. CGP is located 53 km north of BLP on the east side of Tomales Bay (38Њ12Ј N, 122Њ56Ј W) on a ßat marine terrace. BLP has a more moderate climate than CGP, which encounters an almost constant wind from a westerly direction and increased cloud and fog cover.
This study is part of a larger series of experiments aimed at understanding how dispersal affects the stability of midgeÐparasitoid interactions. The cages were designed to limit dispersal rates of midges and their parasitoids. We established Þve blocks at BLP and four blocks at CGP. Each block contained Þve experimental habitat treatments: large caged plots (LC), small caged plots (SC), large uncaged plots (LU), small uncaged plots (SU), and small cage control plots (CC). Large plots were 4 by 4 m, and small plots were 1 m 2 . The caged plots were housed inside Lumite (Synthetic Industries), a UV-resistant mesh (23 threads/cm). Cages were house-shaped, with a peaked roof to reduce mesh but allow researchers to stand. Large cages were 4.2 by 4.8 m on the sides and peaked to 2.1 m in the center, whereas small cages were 1.2 by 1.2 m and peaked to 1.8 m in the center. Cages were larger than the established plot size to leave movement space around the edge of the plot inside the cages. There were nine total plots in each block: one CC plot and two plots of each of the remaining treatments. Cage controls were identical to small caged plots but with twelve 20 by 20-cm holes cut in the mesh. We included this treatment to assess cage effects separately from movement effects. Including cage controls allowed us to examine whether these controls really do mimic the microenvironment of the experimental treatments, as they are designed to do, or if they are in fact climate intermediates between small caged and uncaged replicates. In each plot, for each season, we conÞned a single adult female midge to a single stem within a 1-m 2 permanent quadrant. In each large plot, we marked a permanent 1-m 2 quadrant in which we placed midges for all three seasons. We used small mesh sleeves placed on growing tips of B. pilularis to restrict the experimental midges to one location in each plot and isolate them from parasitoids and other predators.
Monitoring Effects of Cages. To observe seasonal differences in growth and development, we completed three separate trials. Trials began on 23 February 2002 , 10 May 2002 , and 4 August 2002 , and each was maintained for 10 wk. We attempted an additional trial beginning on 3 November 2001, but intense rainfall within the 24 h after we deployed the midges led to minimal gall development (only 6 of 81 stems produced galls). Although it is possible that such results are common for winter generations, we did not have enough gall development to analyze results from that trial.
To obtain experimental midges, we collected galls outside of the blocks at BLP and CGP and from along the Muddy Hollow Trail at the Point Reyes National Seashore (Marin County, CA: 38Њ03Ј N; 122Њ52Ј W). Emerging female midges were enclosed with males until we observed mating. Mating usually occurred within 5Ð10 min after eclosion. In each trial, we placed a single, recently emerged, fertilized adult female midge in a 15 by 7-cm polyester organdy mesh sleeve, on one random, suitable stem in each plot (LC, SC, LU, SU, CC: N ϭ 81 stems). We deÞned a suitable stem as a healthy shoot maintaining a minimum of 10 cm of foliage.
For 8 consecutive wk beginning 2 wk after midge introduction, we recorded, weekly, photosynthetically active radiation (PAR) intensity (photosynthetic photon ßux in mol/m 2 /s), average and maximum wind speed over a 10-s interval (m/s), temperature (ЊC), and the length of stem available for oviposition (measured from the fastener at the bottom of the sleeve to the tip of the stem). We used the change in stem length throughout each trial to calculate the rate of stem growth. Measurements were made outside of the polyester organdy mesh sleeves but inside the mesh cages of the caged plots. Although the mesh sleeves also altered the microenvironment of the midges, this factor was consistent in each plot and each trial.
To estimate soil moisture in each plot, we extracted 30-cm 3 soil cores (0 Ð10 cm depth) on 21 April 2002, Ϸ0.3 m north of the basal trunk of each experimental bush. Because of the Mediterranean climate of our Þeld sites, soils tend to be saturated with moisture in the winter and completely dry in the summer. We collected our soil samples in the spring because we expected the maximum measurable soil moisture difference between plots to occur during this time, when water availability and plant growth vary microclimatically. We stored soil from each plot in a sealed plastic zipper bag at 4ЊC. Within 2 d of collection, we recorded the wet weight of each core to the nearest milligram and dried all soils at 60ЊC for 24 h to calculate gravimetric water content for each sample {[wet soil (g) Ð dry soil (g)]/dry soil (g)}.
At the end of each trial, we collected all experimental stems in their mesh sleeves and brought them to the laboratory for dissection. We examined the stems for R. californica eggs and pregall larvae. We dissected all galls using a dissecting microscope and recorded the number of midges in each stage of development.
Data Analysis. Trials were not completely independent because we used the same 81 B. pilularis individuals throughout the study, although we used distinct stems for each trial. Because each trial included many samples in which no galls were produced, we divided the data analysis into two stages: bivariate analyses that examined whether or not a sample had galls and quantitative analyses that looked at how many midge larvae inhabited these galls. The bivariate analyses gave us a coarse measure of the quality of the microhabitat by indicating whether the growing B. pilularis tips were considered suitable for laying eggs and could support the survival of any midge larvae. The quantitative analyses provided a relative measure of midge success given establishment. We determined relative midge success by the number of chambers developed per plot, which correlated with number of galls produced ( Fig. 1 ) but provides a more direct indication of Þtness. We included all larvae within galls in the quantitative analyses, regardless of larval stage. We did not include any eggs or pregall larvae because we deemed them unsuccessful if they had not developed beyond these stages by the end of each trial. For most analyses, we used average values per replicate for environmental variables with multiple measurements. In general this average value was the arithmetic mean of all weekly measurements for that variable for a particular replicate. The exception to this was the weekly temperature variables, which were reduced using principal components analysis (PCA). We natural log-transformed [ln(variable ϩ 1)] variables that did not meet normality requirements, which included number of chambers per replicate and maximum wind speed. Replicates that produced galls but were lost to external disruptions (stem breakage, etc.) were included in the bivariate analyses but not in the quantitative analyses. We were unable to successfully analyze the August trial for either gall establishment or reproductive success because few stems formed galls (11 of 81). Therefore, we have included August data in the analyses of all trials combined, but we could not analyze it individually in most circumstances.
Reduction of Variables. Weekly temperature variables were reduced using PCA. Only two principal components (PCs) had eigenvalues Ͼ1, and together they explained 77.49% of the variance. PC 1 (eigenvalue ϭ 2.21) was negatively correlated with all temperature variables (Fig. 2) . PC 2 (eigenvalue ϭ 1.15) was explained mostly by temperature in week 3 (positive correlation, loading ϭ 0.665) and week 8 (negative correlation, loading ϭ Ϫ0.676; Fig. 2) . Following the Kaiser-Guttman rule (Hakstian and Rogers 1982) , we included PC 1 and PC 2 as our temperature variables in the following analyses.
Cage Effects on Microenvironment. To examine the inßuence of the experimental variables on the environmental variables, we conducted a multivariate analysis of variance (MANOVA) to examine how the categorical variables affected the measured environmental variables; for example, how the presence of a cage affected plot temperature. This analysis was set up with trial as a Þxed split plot factor, block nested within site, and both block and site as random factors. We did not include interactions for the experimentally manipulated factors (cage and plot size) with the random factors, site, or block. We did include interactions of all factors with trial.
Gall Establishment. For the bivariate analyses, we used contingency tables to assess how the experimental factors (site, block, cage, plot size, trial, and a cross factor of cage with plot size) related to whether or not a plant produced galls. We used multiple logistic regressions to assess how continuous environmental variables related to whether or not a replicate produced galls. Because of the strong effects of trial, we conducted these analyses for all trials combined and for each trial separately. For each logistic regression we included all variables and used a forward stepwise method that added variables with an ␣ to enter and to remove 0.150. Finally, we conducted a second complete regression with all variables that were signiÞcant in either the complete or stepwise regressions for any trial (hereafter referred to as reduced logistic regression). We compared the results from the complete, stepwise, and reduced logistic regressions, but we derived our conclusions primarily from the stepwise regressions.
Relative Midge Success (Given Establishment). For the quantitative analyses, we performed a repeatedmeasures analysis of covariance (ANCOVA; with trial as split plot). However, there were not enough degrees of freedom to examine all interactions and all covariates. We, therefore, did separate analyses for the categorical (experimental) and continuous (en- vironmental) variables for the full data set and used ANCOVA to combine the categorical variables with continuous variables that were signiÞcant in that trial. We used a repeated-measures mixed analysis of variance (ANOVA) model for the categorical variables, which was set up exactly the way we set up the analysis to examine the effects of the experimental manipulations on the environmental variables, with blocks nested within site, no interactions between experimental variables and block or site, and trial as a separate split plot with interactions with all variables.
For the continuous variables, we used a complete and a forward stepwise linear regression to examine how the continuous variables related to the number of larvae produced in all trials combined. These analyses included some effects that reversed direction with trial. We therefore also examined complete and forward stepwise linear regressions for each trial separately.
Because we had only one size of cage control, we could not include cage control plots in the factorial analyses. We repeated all analyses for just the small cages (caged, uncaged, and cage control) to compare the effects of cage control with caged and uncaged replicates.WeconductedthePCAusingR1.16 (R_Deve-lopment_Core_Team 2006) and all other statistical analyses using Systat 10.2 (Systat 2002) .
Results
Cage Effects on Microenvironment. MANOVA revealed strong inßuences of site, cage, block, trial, and interactions between trial and site, trial and cage, and trial and block on most of the continuous microenvironmental variables (Table 1 ). Site and the interaction of trial with site were the only factors that affected stem growth, although light, wind, and temperature (PC 1 and PC 2) were inßuenced by almost all experimental factors. Cage was the only experimental factor that inßuenced gravimetric water content (ANOVA; N ϭ 70; F ϭ 8.723; df ϭ 1,58; P ϭ 0.005; P Ͼ 0.10 for all other factors).
The environment created by cage control replicates was comparable with that of the small caged replicates. For all environmental variables except wind velocity, the cage control and small caged replicates never differed signiÞcantly (MANOVA; average wind: F ϭ 4.286; df ϭ 1,73; P ϭ 0.042; maximum wind: F ϭ 5.047; df ϭ 1,73; P ϭ 0.028; P Ͼ 0.05 for all other tests; Fig. 3 ). Cage type inßuenced all aspects of microenvironment except stem growth and PC 2 (Table 2) .
Gall Establishment. Neither cage presence nor plot type (caged, uncaged, control) had a signiÞcant effect on the establishment of galls when we analyzed all trials together or each trial separately (contingency tables: df ϭ 1 for cage presence, df ϭ 2 for plot type; P Ͼ 0.05 for all tests). In fact, trial speciÞc contingency tables indicated that gall formation was completely unrelated to cage presence and to plot size in February (Pearson 2 ϭ 0; df ϭ 1; P ϭ 1.0000; N ϭ 70) and to cage in August (Pearson 2 ϭ 0.076; df ϭ 1; P ϭ 1.000; N ϭ 67). The interaction of cage with plot size inßu-enced gall production in May (Pearson 2 ϭ 8.740; df ϭ 3; P ϭ 0.0330; N ϭ 69). This effect was primarily driven by the disproportionately low gall production in the large uncaged plots (Fig. 4) and resulted in marginal signiÞcance of cage and plot size.
Season had the strongest inßuence on gall establishment during the experiment, with a signiÞcant decline in gall establishment from February to August (Pearson 2 ϭ 84.26; df ϭ 2; P Ͻ 0.0001; Likelihood ratio 2 ϭ 92.17; df ϭ 2; P Ͻ 0.0001; Fig. 5 ). When all trials were considered, no experimental variables (e.g., cage, plot size, site) had a signiÞcant effect on gall establishment although some environmental variables did. Table 3 summarizes the establishment results for all of the trials, but here we point out the critical results. Increased rates of stem growth and colder temperatures (negative values of PC 1 and positive values of PC 2) facilitated gall establishment, whereas higher maximum wind velocities retarded gall establishment (N ϭ 206, stepwise logistic regression model; Table 3 ). Stem growth was also signiÞcant in May, but there were no other signiÞcant environmental effects when looking at individual trials. The complete and reduced logistic regressions showed similar results to the stepwise logistic regressions for all analyses, although they also show an increase in gall appearance with stem growth in May (N ϭ 69; Table 3 ).
Relative Midge Success (Given Establishment). When looking at successful midge larvae only in plants that produced galls, there were not enough replicates with successful gall production across all treatment combinations to examine all interactions in a repeatedmeasures ANOVA. To reduce the model, the covariates were looked at separately to pull out signiÞcant variables to include in ANCOVA models. In multiple linear regressions that included all of the covariates, only PC 1 was signiÞcant when looking at all trials together (Table 4) . When looking at each trial separately, only PC 2 was signiÞcant in February (Table 4) , and nothing was signiÞcant in May or August (P Ͼ 0.05 for all factors). The stepwise models revealed that maximum wind was also a signiÞcant predictor of midge success, as well as PC 1 and PC 2. When all signiÞcant variables were included in a reduced linear regression model, stem growth, PC 1, and PC 2 maintained their signiÞcant effects on midge success (Table 4; Fig. 6) .
A reduced ANCOVA model comprised of trial and these signiÞcant covariates and separate ANCOVA models for each trial including experimental factors and the covariates that had signiÞcant effects on midge success in our regressions were examined. Seasonal timing was extremely indicative of reproductive success (ANCOVA, F ϭ 13.590; df ϭ 2,115; P Ͻ 0.001; Fig.  5 ), but looking within each trial, block was the only signiÞcant experimental factor and inßuenced success in February (ANCOVA, F ϭ 2.35; df ϭ 7,47; P ϭ 0.039). In addition, wind and temperature were signiÞcant in February (ANCOVA, maximum wind: F ϭ 5.179; df ϭ 1,47; P ϭ 0.027; PC 1: F ϭ 6.302; df ϭ 1,47; P ϭ 0.016; Values are given for each plot type (SU ϭ small uncaged, SC ϭ small caged, and CC ϭ cage control). For most variables, values are for all trials combined, but gravimetric water content values are for the February trial only. Degrees of freedom are shown in parentheses.
a Degrees of freedom of F term for gravimetric water content ϭ 2,33. b Analyses used PC 1 and PC 2 as temperature variables, but we have included other temperature variables that loaded strongly onto these PCs to help the reader see the biological signiÞcance of the PCs. Fig. 4 . Differences in R. californica gall establishment in different treatments (means Ϯ SEM). See Fig. 3 for description of treatment types. *LU gall establishment in May was signiÞcantly lower than other treatments (GLM; F ϭ 3.14; df ϭ 3,65; P ϭ 0.031).
PC 2: F ϭ 10.159; df ϭ 1,47; P ϭ 0.003). Nothing was signiÞcant in May (P Ͼ 0.10 for all factors).
Discussion
Although R. californica is a multivoltine insect galler, this study revealed that both establishment on the host plant and reproductive success, given establishment, vary seasonally (Fig. 5) . This result suggests that microenvironment alters midge reproductive success, but we found no effect of experimental cages on the establishment or successful larval development of R. californica. Our data show that the seasonality in midge development and relative success depends primarily on changes in temperature. Establishment on the host plant was also dependent on increased rates of stem growth and decreased maximum wind speeds. Although our cages modiÞed the microenvironment of the developing larvae (Fig. 3) , they had little effect on larvae development.
Midge establishment and relative success are highest in mid-to late winter and early spring (Fig. 5) . For this reason, we observed a correlation across all seasons between gall development and midge success with lower temperatures. CaliforniaÕs Mediterranean climate imparts substantial annual variation in water availability. Rain occurs almost exclusively in winter and early spring. The soil saturation during this period, coupled with sunny skies and cool temperatures, provides optimal growing conditions for B. pilularis and many other Mediterranean plants. Host plantÐspeciÞc herbivores have been shown to synchronize their phenology with that of their host plant (Ivashov et al. 2000, Kurota and Shimada 2002) . Doutt (1961) acknowledged that the physiological conditions of the plant govern gall formation and larval development. Our data suggest that the development of R. californica is related to the phenology of its host plant, because establishment and success are highest during the growing season of B. pilularis. These results compliment the study by Palmer et al. (1993) , which concluded that gall activity of R. californica in Australia depended on moisture availability. These authors also noted that midge success increased on rapidly growing plants (Palmer et al. 1993) . We propose that the primary inßuence of season on midge establishment and success is indirect, through its effect on B. pilularis. This conclusion is supported by the fact that midges more successfully established on plants with increased stem growth (Table 3) . Similarly, Miller and Weis (1999) also found that R. californica establishment was higher on more vigorous B. pilularis host plants. This Þnding is in accordance with the Plant Vigor Hypothesis of Price (1991) , which suggests that insect gallers frequently attack the most rapidly growing (vigorous) plant modules, purportedly because of increased rates of reproductive success on these modules. The increase in reproductive success on vigorous plants may be caused by a reduction in secondary metabolites. Herms and Mattson (1992) ascertained that, under favorable growing conditions, vegetative growth receives priority over the development of secondary metabolites. Our study veriÞed that midges establish more readily on more vigorous host plants, although we have not isolated the mechanism for this relationship. During the transition from spring to summer, when the elevation of air temperatures to near their annual maximum creates increased microclimatic variability in plant physiological status, galls also more readily establish on stems with increased stem growth (Table  3) . We suggest that this relationship is caused by the synchronization of midge establishment with B. pilularis physiology (see above). The low midge success in the August trial further advocates a connection between midge establishment and plant physiological status. As Force (1974) suggested, the reduction of midge numbers in the summer and early autumn may be a consequence of poor growing conditions for B. pilularis. The failure of the November trial suggests that extreme weather events may also limit population growth.
Our experimental cages had a large impact on the microenvironment (Table 2 ; Fig. 3 ), as we expected, but did not affect midge establishment or development. Cage presence had no impact on stem growth, although caged replicates did experience higher temperatures and reduced wind speeds (Fig. 3) . Although cages modiÞed the microenvironment, cage treatment did not have a signiÞcant effect on midge success in any of our analyses. This suggests that any beneÞt R. californica gained from the cages was offset by a statistically equal hindrance, potentially by affecting plant physiology. The plants inside the cages encountered higher temperatures, lower wind velocities, and were sheltered from storms. However, they also had less available sunlight. These plusses and minuses may have cancelled each other out in our study, but they may not in other systems.
When we examined variation in stem growth, we found a signiÞcant interaction between trial and site; stem growth was higher at CGP than BLP in the February and May trials, but in the August trial, it was higher at BLP. These differences in stem growth reveal natural variation in host plant growth rates and suggest that the seasonality of midge establishment and reproductive success may ßuctuate depending on the climate of each site and consequently on the growth status of the host plants. Although we found the highest rates of midge establishment and success in late winter and early spring, this is not necessarily the optimal season for midges in other locales. The ßuctuation of temperatures based on site, block, and the interactions of trial with site and block (Table 1 ) also revealed natural variations of temperature that midges experience. Cages also affected the temperature, with caged and cage control replicates having higher temperatures than uncaged replicates ( Fig. 3; Table 2 ). Nonetheless, the temperatures within the cages in the February and May trials were comparable with the temperatures of uncaged replicates in the August trial and thus fall within the natural range of temperatures midges experience. The cages did create an unnatural environmental interaction in February and May, where the caged replicates experienced higher than average temperatures while the growing conditions for B. pilularis were favorable. However, we did not see a difference in the gall establishment or success rates.
The only suggestion that cages may have affected midge success lies in the low gall establishment rates in August. The caged replicates in August encountered higher temperatures than any other replicate throughout the study (Fig. 3) . Doerr et al. (2002) found that the rate of development of Lacanobia subjuncta eggs was fastest at warm temperatures (27.5 and 30.0ЊC) and decreased at a higher temperature (32.5ЊC). They also noted that mortality rates were 100% at very high temperatures (35.0 and 37.5ЊC). However, we saw no differences in gall establishment between caged and uncaged replicates in August. We therefore infer that reduced success rates in August were caused by factors other than cage presence; we suggest that physiological status of the host plant induced the diminished rates of success (Doutt 1961 , Force 1974 , Palmer et al. 1993 .
Our results suggest that, although the use of cages alters the environment of R. californica individuals, the effects on their development are negligible. Previous research on the use of insect-exclusionary cages for agricultural applications showed similar results, where the mesh cages signiÞcantly altered the microenvironment of the subjects, with no adverse effects on the development of the plants (Lawson et al. 1994 ). Although there is legitimate concern for confounding effects of cages in plant insect research, we showed that cages can be used expediently without compromising the study. This study also validates the use of partial cages as cage controls to test for confounding cage effects. Our cage control replicates were not statistically different from the caged replicates (Fig. 3) .
It is important to note a signiÞcant caveat in our study. Because we needed to isolate our test subjects from parasitoids and predators, as well as other midge larvae, we enclosed our midges in mesh sleeves. Our environmental measurements were conducted outside of the mesh sleeves and therefore do not incorporate any additional modiÞcations of microenvironment that the sleeves may have created. Because the mesh sleeves provided a barrier against the environment, the midges may have experienced a more moderate climate within the sleeve. This may have diminished our ability to observe effects of the environment on the establishment and reproductive success of the midges. Therefore, the exact values of our measurements do not represent the exact conditions the midges experienced and do not suggest any quantitative limits of tolerance. Nonetheless, because all of our subjects were contained inside a sleeve, our results remain valid in a qualitative sense.
In summary, we found that the establishment and consequent reproductive success rates of R. californica on their B. pilularis host plants were principally dependent on seasonal temperature and growing conditions of the plant. Future research may elucidate the mechanisms of this variation (Herms and Mattson 1992) . Although they altered the microenvironment, cages had no signiÞcant impact on the development of R. californica, suggesting they can be judiciously used in experimental manipulations. The inßuence of cages on other herbivore species remains to be tested.
